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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent of: ) 

YASUYUKI MIYAOKA ) 

Appln.No.: 10/043,148 ) 

Filed: Januay 14, 2002 ) 

For: METHOD FOR ANNEALING DOMAIN ) 

WALL DISPLACEMENT TYPE : 
MAGNETOOPTICAL RECORDING ) 
MEDIUM : 

) 

US. Patent No.: 6,716,489 B2 : 

) 

Issued: April 6, 2004 : 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



CERTIFICATE OF CORRECTION 
UNDER RULE 322 



Sir: 

It is respectfully requested that a Certificate of Correction be issued by the Patent 
and Trademark Office due to an error which appears in the printed patent as a result of Patent and 
Trademark Office mistakes. Two references properly made of record were not listed in the 
References Cited portion, (56). A Certificate of Correction form, in duplicate, is enclosed. 

Enclosed is a copy of a return card stamped by the PTO mailroom to show receipt on 
January 23, 2004 of an Information Disclosure Statement (copy enclosed) listing the citations an 
issue. A copy of a check for $1 80.00 showing that it had been cashed by the PTO is also enclosed 



Examiner: Bernard Pianalto 
Group Art Unit: 1762 

Certificate 

„ w v 9 2004 

of correction 

June 23, 2004 



2 9 JUN 2004 



which covered the submission fee. It should be noted that a proper statement under 35 CFR 
§ 1 .97(e) was made. 

Patentee's undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our address 
given below. 

Respectfully submitted, 



Attorney for Patentee ^ 
Registration No. 1^.1*4/ 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 1 01 1 2-3801 
Facsimile: (212)218-2200 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

ON THE COVER PAGE AT (56) FOREIGN PRIORITY DOCUMENTS 



Insert: 



--JP 
JP 



11-273170 
11-339340 



10/1999 
12/1999- 



MAILING ADDRESS OF SENDER: 

FITZPATRICK, CELLA, HARPER & SCINTO 

30 Rockefeller Plaza 

New York, New York 101 12-3801 

(212) 218-2100 -Telephone 

(212) 218-2200 - Facsimile 

Form PT0 1050 (Rev. 3-82) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent of: ) 

: Examiner: Bernard Pianalto 
YASUYUKI MIYAOKA ) 

: Group Art Unit: 1762 
Appln.No.: 10/043,148 ) 

Filed: Januay 14, 2002 ) 

For: METHOD FOR ANNEALING DOMAIN ) 

WALL DISPLACEMENT TYPE : 
MAGNETOOPTICAL RECORDING ) 
MEDRJM : 

) 

U.S. Patent No.: 6,716,489 B2 : 

) 

Issued: April 6, 2004 : June 23, 2004 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



LETTER CALLING ATTENTION TO ERRORS IN PATENT 

Sir: 

The following minor errors have been noted in the above-mentioned patent: 
ON COVER PAGE AT (57) ABSTRACT 

Line 6, "a converged light beam" should be deleted. 
COLUMN 1 

Line 43, "s" should read —a—. 



COLUMN 2 

Line 52, "FIG. 1 1A." should read -FIG 1 1 A). 
COLUMN 3 

Line 19, "a converged light beam" should be deleted; and 

Line 65, "a view" should read —views—. 
COLUMN 4 

Line 8, "material" should read —material,—. 
COLUMN 5 

Line 17, "which reflected" should read -which is reflected--; 

Line 21, "a" (third occurrence) should be deleted; 

Line 28, "resultants" should read --results--; and 

Line 52, "to" should be deleted. 
COLUMN 6 

Line 7, "case," should read -case of--; 

Line 25, "but" should be deleted; 

Line 44, "later" should read -latter--; and 

Line 51, "an" should read -a~. 
COLUMN 8 

Line 51, "low." should read -low-; and "Table 1)" should read 

-(Table 1).-; and 

Line 52, "the method" should read -methods—. 
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These errors appear to be relatively insignificant and, therefore, we do not believe 
it is necessary to request a Certificate of Correction. However, it is requested that this paper be 
placed in the filewrapper of the above-identified patent. 

Patentee's undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our address 
given below. 

Respectfully submitted, 
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Attorney for Patentees 
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30 Rockefeller Plaza 
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Facsimile: (212)218-2200 
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Commissioner for Patents 
PO. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



Kindly acknowledge receipt of the accompanying: 

□ Response to Official Action. 
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Date. 



Mo. Day Yr. 



Atty. Docket* ^ f *°T& 
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□ Petition under 37 CFR 1.136 and Check for $ 

□ Notice of Appeal and Check for $ \Sk 
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Filed: January 14, 2002 

For: METHOD FOR ANNEALING 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
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Examiner: Bernard D. Pianalto 
Group Art Unit: 1762 



) January 22, 2004 



INFORMATION DISCLOSURE STATEMENT 



Sir: 



In compliance with the duty of disclosure under 37 C.F.R. § 1.56 and in 
accordance with the practice under 37 C.F.R. §§ 1.97 and 1.98, the Examiner's attention is 
directed to the documents listed on the enclosed Form PTO-1449. Copies of the listed 
documents are also enclosed. A copy of a Korean Office Action for the corresponding 
Korean patent application is also enclosed. A machine translation of JP 1 1-339340 is also 
provided. 

The concise explanation of relevance for the non-English documents is 
found in the abstract attached to each. 



STATEMENT UNDER 37 C.F.R. § 1.97(e) 



Each item of information in this information disclosure statement was first 
cited in a communication from a foreign Patent Office in a counterpart foreign application 
not more than three months prior to the filing date of this Statement. 



It is respectfully requested that the above information be considered by the 
Examiner and that a copy of the enclosed Form PTO-1449 be returned indicating that such 
information has been considered. 

We also enclose a check for the required fee of $180.00 to cover the 
Information Disclosure Statement under 37 C.F.R. 1.97(c)(2), 

Applicant's undersigned attorney may be reached in our New York office by 
telephone at (212) 218-2100. All correspondence should continue to be directed to our 
address given below. 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3800 
Facsimile: (212)218-2200 
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10-077318 (71)Applicant 


CANON INC 


(22)Date of filing : 

r~- — — - — ■ 


25.03.1998 (72)lnventor : 


YAMAMOTO MASAKUNI 



(54) METHOD FOR ANNEALING INFORMATION RECORDING MEDIUM AND 
OPTICAL INFORMATION RECORDING/REPRODUCING DEVICE USING THE 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: 
To provide an information 
recording medium annealing 
method capable of significantly 
improving recording density 
without losing recording 
capacity and an optical 
information 

recording/reproducing device 
using the annealing method. 
SOLUTION: Annealing 
processing 15 executed by 
scanning a gap between two 
information tracks on a 
magneto-optical disk 4 with an 
optical spot 16 of high 
temperature, and annealing 
width is changed by 
modulating the optical intensity 

of the optical spot 16 applied to the gap between the information tracks to scan it 
in accordance with prescribed information, so that the prescribed information in 
the gap between the information tracks is recorded. The prescribed information 
is a track number, a sector number, or a synchronizing clock pit. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] As opposed to magneto-optic-recording data medium made as [ expand / have a 
magnetic multilayer which consists of a magnetic layer of at least three layers as a record 
layer, a magnetic domain wall of a magnetic layer by the side of a playback light exposure 
moves in the direction of a spot center in the transit direction front of a playback light spot at 
the time of playback, and / a record magnetic domain ] A recording device characterized by 
having a record means to record a digital signal to above-mentioned magneto-optic-recording 
data medium, by mark position recording method which is the recording device which records 
a digital signal, is made to modulate a gap of a record mark and records a signal. 
[Claim 2] A recording device according to claim 1 characterized by mark length of the above- 
mentioned record mark being 2 micrometers or less. 

[Claim 3] It has a magnetic multilayer which consists of a magnetic layer of at least three 
layers as a record layer. In recording a digital signal to magneto-optic-recording data medium 
made as [ expand / in the transit direction front of a playback light spot, a magnetic domain 
wall of a magnetic layer by the side of a playback light exposure moves in the direction of a 
spot center, and / at the time of playback, / a record magnetic domain ] A record method 
characterized by recording a digital signal to above-mentioned magneto-optic-recording data 
medium by mark position recording method which is made to modulate a gap of a record mark 
and records a signal. 

[Claim 4] A record method according to claim 3 characterized by setting mark length of the 
above-mentioned record mark to 2 micrometers or less. 

[Claim 5] It is magneto-optic-recording data medium made as [ expand / have a magnetic 
multilayer which consists of a magnetic layer of at least three layers as a record layer, a 
magnetic domain wall of a magnetic layer by the side of a playback light exposure moves in 
the direction of a spot center in the transit direction front of a playback light spot at the time 
of playback, and / a record magnetic domain ]. Magneto-optic-recording data medium 
characterized by recording a digital signal by mark position recording method which is made to 
modulate a gap of a record mark and records a signal. 

[Claim 6] Magneto-optic-recording data medium according to claim 5 characterized by mark 
length of the above-mentioned record mark being 2 micrometers or less. 
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• . • *• NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the technology for 
canceling especially a ghost phenomenon about magneto-optic-recording data medium which 
expands a record magnetic domain by domain wall displacement, and reproduces a signal, the 
recording device which records a digital signal on a list to such magneto-optic-recording data 
medium, and the record method. 
[0002] 

[Description of the Prior Art] The optical MAG playback system which expands the magnitude 
of a record magnetic domain effectually and enlarges a regenerative signal is proposed by 
using the domain wall displacement of the displacement layer in the field in which film 
temperature turned into more than the Curie temperature of a switch layer in recent years at 
the time of playback of a signal, using the magnetic multilayer which consists of a magnetic 
layer, a displacement layer, a switch layer, and a memory layer, of three layers at least as a 
record layer. 

[0003] By "this method called DWDD (Domain Wall Displacement Detection), at the time of 
playback, in the transit direction front of a playback light spot, the magnetic domain wall of 
the magnetic layer by the side of a playback light exposure (namely, displacement layer) 
moves in the direction of a spot center, and a record magnetic domain is expanded, therefore, 
the thing for which a DWDD method is adopted — the optical limit of playback light — 
resolution — it becomes possible to attain further high recording density-ization, without 
becoming possible also from the minute record magnetic domain of the following periods to 
reproduce a very big signal, and changing the wavelength of playback light, the numerical 
aperture of an objective lens, etc. 



[Problem(s) to be Solved by the Invention] However, in a DWDD method, there are many 

troubles which should still be solved and a ghost's problem is in one of them. 

[0005] When a signal is reproduced with a DWDD method, after the signal corresponding to 

the record magnetic domain concerned once disappearing after the signal corresponding to a 

certain record magnetic domain appears, and going through a certain time amount after that, 

the behavior that the signal corresponding to the record magnetic domain concerned appears 

again may be shown. It is the phenomenon in which this is called a ghost, and after going 

through a certain time amount, the signal which appears again is called a ghost signal. And 

since such a ghost signal serves as a noise of a regenerative signal, it serves as hindrance 

when adopting a DWDD method and attaining high recording density-ization. 

[0006] This invention is proposed in view of the above conventional actual condition, and aims 

at providing with magneto-optic-recording data medium the recording device which can 

cancel the ghost phenomenon in a DWDD method, and the record method list. 

[0007] 

[Means for Solving the Problem] A recording device concerning this invention is a recording 
device which records a digital signal to magneto-optic-recording data medium. Here, 
magneto-optic-recording data medium used as an object for record is magneto-optic- 
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recording data medium made as [ expand / have a magnetic multilayer which consists of a 
magnetic layer of at least three layers as a record layer, a magnetic domain wall of a magnetic 
layer by the side of a playback light exposure moves in the direction of a spot center in the 
transit direction front of a playback light spot at the time of playback, and / a "record 
magnetic domain ]. And a recording device concerning this invention is characterized by 
having a record means to record a digital signal to above-mentioned magneto-optic-recording 
data medium by mark position recording method which is made to modulate a gap of a record 
mark and records a signal. In addition, as for mark length of a record mark recorded on 
magneto-optic-recording data medium, in the above-mentioned recording device, it is 
desirable that it is 2 micrometers or less. 

[0008] A mark position recording method is adopted as record of a digital signal in a recording 
device concerning above this inventions. Unlike a mark edge recording method which 
modulates record mark length and records a signal by mark position recording method, record 
mark length may always be fixed, it may be good, and, moreover, the record mark length 
concerned may be dramatically short And a ghost phenomenon in a DWDD method is not 
produced when a record mark is small enough. Therefore, in a recording device concerning 
this invention which adopted a mark position recording method as record of a digital signal, a 
ghost phenomenon in a DWDD method is cancelable. 

[0009] Moreover, a record method concerning this invention is related with a record method 
which records a digital signal to magneto-optic-recording data medium. Here, magneto-optic- 
recording data medium used as an object for record is magneto-optic-recording data medium 
made as [ expand / have a magnetic multilayer which consists of a magnetic layer of at least 
three layers as a record layer, a magnetic domain wall of a magnetic layer by the side of a 
playback light exposure moves in the direction of a spot center in the transit direction front of 
a playback light spot at the time of playback, and / a record magnetic domain ]. And a record 
method concerning this invention is characterized by recording a digital signal to above- 
mentioned magneto-optic-recording data medium by mark position recording method which is 
made to modulate a gap of a record mark and records a signal. In addition, as for mark length 
of a record mark recorded on magneto-optic-recording data medium, in an above-mentioned 
record method, it is desirable that it is 2 micrometers or less, 

[0010] A mark position recording method is adopted as record of a digital signal by record 
method concerning above this inventions. Unlike a mark edge recording method which 
modulates record mark length and records a signal by mark position recording method, record 
mark length may always be fixed, it may be good, and, moreover, the record mark length 
concerned may be dramatically short. And a ghost phenomenon in a DWDD method is not 
produced when a record mark is small enough. Therefore, by record method concerning this 
invention which adopted a mark position recording method as record of a digital signal, a ghost 
phenomenon in a DWDD method is cancelable. 

[0011] Moreover, magneto-optic-recording data medium concerning this invention is 
magneto-optic-recording data medium made as [ expand / have a magnetic multilayer which 
consists of a magnetic layer of at least three layers as a record layer, a magnetic domain wall 
of a magnetic layer by the side of a playback light exposure moves in the direction of a spot 
center in the transit direction front of a playback light spot at the time of playback, and / a 
record magnetic domain ]. And magneto-optic-recording data medium concerning this 
invention is characterized by recording a digital signal by mark position recording method 
which is made to modulate a gap of a record mark and records a signal. In addition, as for 
mark length of a record mark recorded on above-mentioned magneto-optic-recording data 
medium, it is desirable that it is 2 micrometers or less. 

[0012] A mark position recording method is adopted as record of a digital signal by magneto- 
optic-recording data medium concerning above this inventions. Unlike a mark edge recording 
method which modulates record mark length and records a signal by mark position recording 
method, record mark length may always be fixed, it may be good, and, moreover, the record 
mark length concerned may be dramatically short And a ghost phenomenon in a DWDD 
method is not produced when a record mark is small enough. Therefore, by magneto-optic- 
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recording data medium concerning this invention which adopted a mark position recording 
method as record of a digital signal, a ghost phenomenon in a DWDD method is cancelable. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to details, referring to a drawing. 

[0014] The fundamental configuration of magneto-optic-recording data medium by which this 
invention is applied is shown in d rawing 1 . Although this magneto-optic-recording data 
medium is magneto-optic-recording data medium by which a signal is reproduced with a 
DWDD method, that fundamental configuration is the same as that of usual magneto-optic- 
recording data medium. That is, on the transparence substrate 1, laminating formation of a 
dielectric film 2, the record layer 3, a dielectric film 4, the reflective film 5, and the protective 
coat 6 is carried out one by one, and this magneto-optic-recording data medium comes, as 
shown in drawing 1 . 

[0015] The above-mentioned dielectric films 2 and 4 consist of silicon nitride. However, as for 
the material of dielectric films 2 and 4, not only this but oxidation silicon, alumimium nitride, 
etc. may use other dielectric materials. Moreover, the above-mentioned reflective film 5 is for 
reflecting the light by which incidence was carried out, for example, consists of aluminum. 
Moreover, the above-mentioned protective coat 6 is for protecting a dielectric film 2, the 
record layer 3, a dielectric film 4, and the reflective film 5, for example, consists of ultraviolet- 
rays hardening resin. Although the thickness of these each class can be set as arbitration, it 
specifically sets [ the thickness of a dielectric film 2 ] thickness of 50nm and the reflective 
film 5 to 30nm for the thickness of 70nm and a dielectric film 4. 

[0016] In addition, although premised on the light for record playback being irradiated from the 
transparence substrate 1 side here, it is also possible to consider as a configuration with 
which the light for record playback is irradiated by reverse from a protective coat 6 side. In 
that case, it differs from the above-mentioned configuration that the lamination of the record 
layer 3 later mentioned in that the formation location of the reflective film 5 comes between a 
dielectric film 2 and the transparence substrate 1 and a list becomes reverse. 
[0017] And magneto-optic-recording data medium by which this invention is applied is 
magneto-optic-recording data medium by which a signal is reproduced with a DWDD method, 
and the record layer 3 consists of three layers, the displacement layer 11, the switch layer 12, 
and the memory layer 13. That is, as shown in drawing 1 , the laminating of the magnetic layer, 
the displacement layer 11, the switch layer 12, and the memory layer 13, of three layers is 
carried out, and the record layer 3 is constituted from a playback light incidence side by 
these. In addition, although explained as that whose record layer 3 is a three-tiered structure, 
the record layer 3 may be made into the structure of four or more layers here that magneto- 
optic-recording data medium by which this invention is applied should just be made as 
[ reproduce / by the DWDD method / a signal ]. 

[0018] The following properties are required in order to make it each magnetic layers 11, 12, 
and 13 which constitute the above-mentioned record layer 3 as [ reproduce / with a DWDD 
method / a signal 1 

[0019] First, although it is the displacement layer 11, sufficient signal needs to be reproduced 
also in the temperature at the time of playback, therefore this displacement layer 1 1 has a 
high Curie temperature, and needs for a car angle of rotation to be large. Curie-temperature 
TC1 of the displacement layer 11 at least must be higher than Curie-temperature TC2 of the 
switch layer 12. 

[0020] moreover, it must be made as [ move / easily / when switched connection with the 
switch layer 12 goes out at the time of playback / the displacement layer 1 1 / a magnetic 
domain wall ], and magnetic domain wall coercive force is small — if it kicks, it will not 
become. As for the magnetic domain wall coercive force of the displacement layer 11, 
specifically, it is desirable that it is 1 or less kOe. 

[0021] Moreover, as for the displacement layer 1 1, consisting of a small material of saturation 
magnetization is desirable so that migration of a magnetic domain wall may not be barred by 
the floating magnetic field of itself. Specifically, the saturation magnetization of a 
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displacement layer is 100 emu/cc, It is desirable that it is the following, 
[0022] Moreover, if the thickness of the displacement layer 11 is more than thickness to 
which a car angle of rotation is sufficient for being saturated, it is enough and, specifically, 
20nm - its about 40nm is desirable. 

[0023] As a material of the above displacement layers 11, GdFeCo, GdFeCr, etc. are 
mentioned, for example. 

[0024] Next, although it is the switch layer 12, since the role which intercepts the switched 
connection of the displacement layer 1 1 and the memory layer 13 at a fixed temperature is 
borne, this switch layer 12 needs to have predetermined Curie-temperature TC2 which hits 
that laying temperature. 

[0025] Moreover, the thickness of the switch layer 1 2 is required for homogeneity and the 

degree which can be intercepted certainly in the switched connection of the displacement 

layer 11 and the memory layer 13, and, specifically, it is desirable that it is about 5nm or 

more. However, since there is no merit even if the thickness of the switch layer 12 is too 

thick not much, it is desirable to be referred to as about 20nm or less. 

[0026] As a material of the above switch layers 12, TbFe, TbFeCr, etc. are mentioned, for 

example. 

[0027] Next although it is the memory layer 13, this memory layer 13 is a layer holding a 
record magnetic domain, and must hold a minute record magnetic-domain configuration to 
stability also at the time of playback Therefore, the Curie-temperature TC3 must be two or 
more Curie-temperature TCs of the switch layer 12, and it is desired for coercive force and a 
vertical magnetic anisotropy to be large so that, as for the memory layer 13, a still minuter 
record magnetic domain can be held to stability. 

[0028] Moreover, as for the thickness of the memory layer 13, it is desirable to consider as 
the thickness which can hold a record magnetic domain to stability, and, specifically, 60nm - 
its about 100nm is desirable. 

[0029] As a material of the above memory layers 13, TbFeCo, TbFeCoGr, etc. are mentioned, 
for example. 

[0030] Below, the actuation at the time of reproducing a signal with a DWDD method from 
magneto— optic-recording data medium is explained with reference to drawing 2 thru/or 
drawing 10 which showed each magnetic layers 11 and 12 which constitute the record layer 3, 
and a concrete example of transition of magnetization of 13. In addition, magneto-optic- 
recording data medium shall move leftward in drawing by revolution of a disk as data medium 
here supposing a disk-like thing at the time of record playback 

[0031] In this magneto-optic-recording data medium, as shown in drawing 2 , in ordinary 
temperature and the temperature at the time of playback, it is perpendicularly suitable [ each 
magnetic layer (the displacement layer 11, the switch layer 12, memory layer 13) of three 
layers which constitutes the record layer 3 is perpendicular magnetic anisotropy films, and / 
those magnetization ] to a film surface at least. And as switched connection acts between 
the layers of each magnetic layers 11, 12, and 13 which constitute the record layer 3, 
therefore it is shown in drawing 2 in the usual condition, the direction of the spin of each 
magnetic layers 11, 12, and 13 has gathered. In addition, in drawing 2 thru/or drawing 10 , the 
arrow head which turned to the vertical direction shows the direction (for example, the 
magnetization directions which are transition metals, such as Fe or Co) of the spin of each 
magnetic layer. 

[0032] The optical modulation recording system or magnetic field modulation recording 
method used for the usual magneto-optic recording is used for record over thte magneto- 
optic-recording data medium. And the record over this magneto-optic-recording data medium 
is mainly made to the memory layer 13, and when the sense of the spin of the memory layer 
13 is imprinted by the switch layer 12 and the displacement layer 11, record completes it. 
Namely, as shown, for example in dra wing 2 , the record magnetic domains a1, a2, and a3 
and ... are recorded on the memory layer 13 by the magneto-optic recording. While those 
record MAG a1, a2, and a3 and ... are imprinted by the switch layer 12 and the displacement 
layer 11, consequently magnetic domains b1, b2, and b3 and ... are formed in the switch layer 
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12 Magnetic domains d, c2, and c3 and ... are formed in the displacement layer 1 1. 

[0033] And in case a signal is reproduced from this magneto-optic-recording data medium, as 
shown in drawing 3 , the playback light L is irradiated from the side in which the displacement 
layer 1 1 is formed. By the exposure of this playback light L, the temperature of magneto- 
optic-recording data medium rises. That is, as shown in dr awing 3 , the temperature of data 
medium of a portion by which the playback light L concerned was irradiated rises by 
irradiating the playback light L However, since revolution actuation of the disk is carried out 
at the time of playback, as for the peak location P of data-medium temperature, the center 
position S twist of a playback light spot will also be back located a little to the transit 
direction of the playback light spot concerned. 

[0034] It is the switch layer 12 that Curie-temperature TC2 is most set up low among the 
magnetic layers 11, 12, and 13 of three layers which constitute the record layer 3 by which 
the playback light L is irradiated here. And by the exposure of the playback light L concerned, 
'the power of the playback light L is set up so that the temperature of the switch layer 12 may 
exceed Curie-temperature TC2, and so that the temperature of the displacement layer 1 1 or 
the memory layer 13 may not exceed those Curie temperature TC1 and TC3. Thus, by setting 
up the power of the playback light L, by the temperature rise by the exposure of the playback 
light L, the portion which exceeds Curie-temperature TC2 in the switch layer 12 arises, and 
magnetization of the portion disappears. In addition, by drawing 3 thru/or drawing 10 , 
temperature exceeds Curie-temperature TC2 of the switch layer 12, a slash is given and the 
field (a magnetization disappearance field is called hereafter.) where magnetization of the 
switch layer 1 2 disappeared is shown. 

[0035] The switched connection between the displacement layer 11 and the memory layer 13 
stops and working in the field which was able to be warmed to two or more Curie^temperature 
TCs of the switch layer 12. Here, in the memory layer 13, since it is constituted by a magnetic 
material with high coercive force with a large magnetic anisotropy, for example, TbFeCo, 
TbFeCoCr, etc., even if switched connection with other magnetic layers disappears, change 
does not appear in a record condition. On the other hand, the memory layer 13 has [ the 
displacement layer 1 1 ] a magnetic anisotropy and small coercive force conversely, and it is 
constituted by the material which the magnetic domain wall formed in the perimeter of a 
record magnetic domain tends to move easily, for example, GdFeCo, GdFeCoCr, etc. 
[0036] Therefore, as shown in drawing 3 , magnetization of a part of magnetic domains b2 and 
b3 of the switch layer 12 disappears by the temperature rise by the exposure of the playback 
light L. If the switched connection between the displacement layers 11 and the memory layers 

13 which have the magnetization disappearance field concerned up and down stops working 
the magnetic domain wall (the example of drawing 3 — the magnetic domain wall mho 1 
between the magnetic domain c2 of the displacement layer 11 and a magnetic domain c3) of 
the displacement layer 11 on the magnetization disappearance field concerned moves in the 
direction where magnetic energy becomes low. It is in the condition which has the magnetic 
domain wall mho i concerned in the location where temperature is high that magnetic energy 
becomes low. Therefore, the magnetic domain wall mho 1 concerned will be in the condition 
that it moves toward the peak location P of data-medium temperature, consequently is shown 
in drawing 4 , as [ show / in the arrow head M1 in drawing 3 ]. 

[0037] When a magnetic domain wall mho 1 moves toward the peak location P of data- 
medium temperature in the displacement layer 11, as shown in drawing 4 , the magnetic 
domain c3 of the displacement layer 1 1 will be expanded. That is, in the transit direction front 
of a playback light spot, the magnetic domain wall mho 1 of the displacement layer 11 moves 
in the direction of a spot center, and the magnetic domain c3 of the displacement layer 1 1 
corresponding to the record magnetic domain a3 of the memory layer 13 is expanded. 
Consequently, since the magnetic domain c3 of the displacement layer 11 which contributes 
to playback is expanded even if the record magnetic domain a3 of the memory layer 13 is 
minute, a big regenerative signal comes to be acquired. 

[0038] Then, if between [ all ] the record magnetic domain a3 of the memory layer 13 and the 
magnetic domains c3 of the displacement layer 11 become a magnetization disappearance 
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field with a revolution of a disk as shown in drawing 5 , the switched connection between the 
record magnetic domain a3 of the memory layer 13 and the magnetic domain c3 of the 
displacement layer 1 1 will go out. Then, the magnetic domain wall mho 2 between the 
magnetic domain c3 of the displacement layer 11 and a magnetic domain c4 moves in the 
direction where magnetic energy becomes low. ft is in the condition which has the magnetic 
domain wall mho 2 concerned in the location where temperature is high that magnetic energy 
becomes low. Therefore, the magnetic domain wall mho 2 concerned will be in the condition 
that it moves toward the peak location P of data-medium temperature/consequently is shown 
in drawing 6 , as [ show / in the arrow head M2 in drawing 5 ]. 

[0039] When a magnetic domain wall mho 2 moves toward the peak location P of data- 
medium temperature in the displacement layer 11, as shown in drawing 6 t the magnetic 
domain c4 of the displacement layer 11 will be expanded. That is, in the transit direction front 
of a playback light spot, the magnetic domain wall mho 2 of the displacement layer 1 1 moves 
in the direction of a spot center, and the magnetic domain c4 of the displacement layer 11 
corresponding to the record magnetic domain a4 of the memory layer 13 is expanded. 
Consequently, since the magnetic domain c4 of the displacement layer 11 which contributes 
to playback is expanded even if the record magnetic domain a4 of the memory layer 13 is 
minute, a big regenerative signal comes to be acquired. 

[0040] Then, if between [ all ] the record magnetic domain a4 of the memory layer 13 and the 
magnetic domains c4 of the displacement layer 11 become a magnetization disappearance 
field with a revolution of a disk as shown in drawing 7 , the switched connection between the 
record magnetic domain a4 of the memory layer 13 and the magnetic domain c4 of the 
displacement layer 1 1 will go out. Then, the magnetic domain wall mho 3 between the 
magnetic domain c4 of the displacement layer 11 and a magnetic domain c5 moves in the 
direction where magnetic energy becomes low. It is in the condition which has the magnetic 
domain wall mho 3 concerned in the location where temperature is high that magnetic energy 
becomes low. Therefore, the magnetic domain wall mho 3 concerned will be in the condition 
that it moves toward the peak location P of data-medium temperature, consequently is shown 
' n drawing 7 t as [ show / in the arrow head M3 in drawing 7 ]. 

[0041] When a magnetic domain wall mho 3 moves toward the peak location P of data- 
medium temperature in the displacement layer 11, as shown in drawing 7 , the magnetic 
domain c5 of the displacement layer 11 will be expanded. That is, in the transit direction front 
of a playback light spot, the magnetic domain wall mho 3 of the displacement layer 11 moves 
in the direction of a spot center, and the magnetic domain c5 of the displacement layer 11 
corresponding to the record magnetic domain a5 of the memory layer 13 is expanded. 
Consequently, since the magnetic domain c5 of the displacement layer 1 1 which contributes 
to playback is expanded even if the record magnetic domain a5 of the memory layer 13 is 
minute, a big regenerative signal comes to be acquired. 

[0042] As mentioned above, even if the record magnetic domain which the magnitude of a 
record magnetic domain is expanded effectually and formed in the memory layer 13 by this 
magneto-optic-recording data medium of the domain wall displacement of the displacement 
layer 11 in the field in which film temperature became two or more Curie-temperature TCs of 
the switch tayer 12 is minute, it is possible to acquire a big regenerative signal. That is, it is 
possible to reproduce a signal also from the detailed record magnetic domain which cannot be 
reproduced in the usual optical system by a series of domain-wall-displacement actuation as 
shown in dr awing 8 from drawin g 3 . 

[0043] By the way, if the left end of the record magnetic domain a3 of the memory layer 13 
passes through the left end location of the magnetization disappearance field of the switch 
layer 12 as a disk rotates further and it is shown in drawing 9 after that, temperature will fall 
and magnetization of the switch layer 12 will be recovered. Then t the spin of the same 
direction as the record magnetic domain a3 of the memory layer 13 arises in the switch layer 
12, arid the spin of the same direction also as the displacement layer 1 1 arises by the 
switched connection of the switch layer 12 and the displacement layer 11 further. 
Consequently, the magnetic domain c3 corresponding to the record magnetic domain a3 of 
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the memory layer 13 is again formed in the displacement layer 11, and new magnetic domain 
wall mhoa arises in the displacement layer 11. 

[0044] Then, magnetic energy also moves magnetic domain wall mhoa produced here to the 
location used as min. It is in the condition which has the magnetic domain wall mhoa 
concerned in the location where temperature is high that magnetic energy becomes low. 
Therefore, migration of magnetic domain wall mhoa at this time will be migration in the 
direction of a spot center, and if it puts in another way, it will be migration in the direction to 
which the magnetic domain c3 of the displacement layer 1 1 is made to expand. Namely, the 
magnetic domain wall mhoa concerned will be in the condition that it moves toward the peak 
location P. of data-medium temperature, consequently is shown in drawing 10 , as [ show / in 
the arrow head M4 in drawing 9 ]. 

[0045] When magnetic domain wall mhoa moves toward the peak location P of data-medium 
temperature in the displacement layer 11, as shown in drawing 10 , the magnetic domain c3 of 
the displacement layer 1 1 will be expanded again. That is, in the transit direction back of a 
playback light spot, magnetic domain wall mhoa of the displacement layer 11 moves in the 
direction of a spot center, and the magnetic domain c3 of the displacement layer 1 1 
corresponding to the record magnetic domain a3 of the memory layer 13 is expanded again. 
Consequently, as for close, the magnetic domain c3 of the displacement layer 1 1 
corresponding to the record magnetic domain a3 of the memory layer 13 which playback has 
already completed will come in a playback light spot again. Therefore, the signal corresponding 
to the magnetic domain c3 by which close came for the regenerative signal in the playback 
light spot again will also appear. This is a ghost signal. 

[0046] Thus, since amplification actuation of the record magnetic domain concerned arises 
also in the back field of a playback light spot at the time of the signal regeneration by the 
DWDD method once a record magnetic domain passes a playback light spot, the signal already 
once reproduced in the front field of a playback light spot will be reproduced again. That is, by 
the DWDD method, two signals with which time amount shifted are detected to one record 
magnetic domain; Among these, since not being reproduced originally is desirable as for the 
2nd signal, it is called a ghost signal 

[0047] Here, paying attention to one record magnetic domain, an example of the result of 
having measured time amount change of the signal acquired from the record magnetic domain 
concerned is shown in drawing 1 1 . As shown in drawing 1 1 , when a signal is reproduced by 
the DWDD method, two signals S1 and S2 with which time amount shifted are detected to one 
record magnetic domain. Here, it is a signal acquired when a magnetic domain is expanded in 
the front location of the playback light spot transit direction, and properly speaking [ the big 
signal SI which appears first ], it is desirable [ the signal ] to reproduce only this signal S1. 
Howeverrthe small signal S2 is detected after that. This signal S2 is a signal acquired when a 
magnetic domain is expanded in the back location of the playback light spot transit direction, 
and this is a ghost signal. 

[0048] Since the ghost signal produced when a DWDD method is adopted as mentioned above 
and a signal is reproduced serves as a noise of a regenerative signal, it serves as hindrance 
when adopting a DWDD method and attaining high recording density-ization. However, a ghost 
phenomenon is not produced when the period of the record magnetic domain currently formed 
in the memory layer 13 is short enough, since the field which is carrying out switched 
connection to the displacement layer 1 1 must be more than a certain amount of length in 
order for a magnetic domain wall to move in the displacement layer 11, This is explained with 
reference to drawing 9 . 

[0049] If the left end of the record magnetic domain a3 of the memory layer 13 passes 
through the left end location of the magnetization disappearance field of the switch layer 12 
as shown in drawing 9 , the magnetic domain c3 corresponding to the record magnetic domain 
a3 of the memory layer 13 will be formed in the displacement layer 1 1. However, formation of 
the magnetic domain c3 corresponding to the record magnetic domain a3 of the memory layer 
13 is not immediately made, when the left end of the record magnetic domain a3 of the 
memory layer 13 passes through the left end location of a magnetization disappearance field. 
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That is, the left end of the record magnetic domain a3 of the memory layer 13 passes a 
magnetization disappearance field, in the phase in which the field which magnetization of the 
switch layer 12 recovered on the record magnetic domain a3 of the memory layer 13 became 
large enough, a magnetic domain c3 is formed in the displacement layer 11, and migration of 
magnetic domain wall mhoa of the magnetic domain c3 concerned starts. 
[0050] Thus, the left end of the record magnetic domain a3 of the memory layer 11 passes 
through the left end location of a magnetization disappearance field, and produces migration 
of magnetic domain wall mhoa in the back location of the playback light spot transit direction 
after a while. Therefore, when the period of the record magnetic domain currently formed in 
the memory layer 13 is short enough, the magnetic domain c3 of close coming in a playback 
light spot again of the displacement layer 11 corresponding to the record magnetic domain a3 
of the memory layer 13 which playback has already completed (namely, when a record mark is 
small enough) is lost in the back location of a playback light spot. 

[0051] As mentioned above, if a record mark is made small enough and the period of a record 
magnetic domain is shortened enough, in order to verify that a ghost signal stops appearing, 
the signal was actually reproduced about the case where record mark length is set to 0.3 
micrometers, the case where record mark length is set to 0.2 micrometers, and the case 
where record mark length is set to 0.1 micrometers. And although the ghost signal was 
detected when it investigated whether a ghost signal would be detected, and record mark 
length was 0.3 micrometers, as for the ghost signal, record mark length was not detected at 
the time of 0,2 micrometers or 0.1 micrometers. When making the record mark small enough 
and shortening the period of a record magnetic domain enough from this, a ghost signal 
ceased to appear and it specifically turned out that about 0.2 micrometers or less, then the 
effect of a ghost signal are [ record mark length ] avoidable, 

[0052] As mentioned above, a ghost phenomenon is not produced when the period of the 
record magnetic domain currently formed in the memory layer 13 is short enough. So, in 
recording a signal on magneto-optic-recording data medium, in this invention, a digital signal 
is recorded by the mark position recording method which is made to modulate the gap of a 
record mark and records a signal. 

[0053] When recording a digital signal on high density to magneto-optic-recording data 
medium conventionally, the mark edge recording method which modulates record mark length 
and records a signal was adopted. When not adopting a DWDD method since it can advance 
high density record-ization even if a record mark long in comparison is used for a mark edge 
recording method, and attaining high recording densityHzation, it was effective. 
[0054] However, by the mark edge recording method, since record mark length is modulated, 
two or more record marks from which length differs from a short record mark to a long record 
mark will be used. Therefore, when it was going to reproduce the signal recorded by the mark 
edge recording method by the DWDD method, a ghost signal which the long record mark 
mentioned above by the way tended to appear. Therefore, in having recorded by the mark 
edge recording method, even if it adopted the DWDD method as playback of a signal, it was 
difficult to advance high recording densityHzation. 

[0055] On the other hand, the mark position recording method is adopted in this invention. 
Since information will be given to the gap of a record mark and a record mark by the mark 
position recording method, the record mark to be used is good by the record mark fixed 
[ mark length ] and short. Then, if the record mark length is made short enough to the degree 
in which a ghost signal does not appear, even if it adopts a DWDD method, it will be lost that 
a ghost signal appears and a good regenerative signal will come to be acquired. Therefore, in a 
DWDD method, by adopting a mark position recording method, the effect of a ghost signal is 
avoided and it becomes possible to advance high recording densityHzation. 
[0056] In addition, if record mark length is 0.2 micrometers or less as the result of the 
experiment mentioned above also shows, a ghost signal will cease to appear. Therefore, in 
adopting a mark position recording method, it is desirable to set the record mark length to 0.2 
micrometers or less. 

[0057] By the way, in a mark position recording method, in order to attain further high 
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recording density-ization, to shorten record mark length more is desired. And it is 
• modification in the direction where a ghost signal stops appearing to shorten record mark 
length. Therefore, it is dramatically effective to adopt a mark position recording method in a 
DWDD method also from this point, when advancing further high recording density-ization. 
[0058] Below, a concrete example is given and explained about the record playback by the 
mark position recording method. In addition, although the example which used the RLL (1 7) 
" modulation technique is given, in this invention, especially the modulation technique of a 
digital signal is not limited and can adopt the modulation technique of arbitration here, 
[0059] First, a record process is explained, referring to drawin g 12 and drawing 13 . [n addition, 
if mark position record is performed, what kind of method will be sufficient as the signal- 
processing method in a record process, and it will not be limited to a method which is 
explained below. 

[0060] At the time of record, first, with an encoder 21, the input data bit train which consists 
of "0" and "1" is modulated to the modulation (1 7) data A1 of NRZ (Non Return to Zero), as 
shown in drawing 12 (a). Next, with the amplifier 22 for record, the modulation data A1 
concerned is changed into square wave-like record current A2, as shown in drawing 12 (b), 
and the record current A2 concerned is supplied to an optical pickup 23. And an optical 
pickup 23 impresses a magnetic field to magneto-optic-recording data medium while it carries 
out outgoing radiation of the laser beam from a laser diode LD and irradiates the laser beam 
concerned at magneto-optic-recording data medium based on record current A2 f and as 
shown in drawing 12 (c), it records a record mark by the magneto-optic recording to magneto- 
optic-recording data medium. 

[0061] At this time, it records that each record mark corresponds to "1" of modulation data, 
respectively on magneto-optic-recording data medium. By this, much record marks of short 
fixed mark length will be recorded on magneto-optic-recording data medium, and the gap of 
an adjacent record mark will show information to it. In addition, in recording a record mark on 
magneto-optic-recording data medium by the mark position recording method in this way, as 
mentioned above, it is desirable [ the mark length of those record marks ] to be referred to as 
0.2 micrometers or less. In addition, the magnetic field modulation technique which sends and 
records record current A2 on the magnetic head is sufficient as the recording method at this 
time. 

[0062] Below, a renewal process is explained, referring to drawin g 1 2 and drawing 14 . In 
addition, if it seems that the signal-processing method in a renewal process detects the 
center position of the record mark recorded by the mark position recording method, what kind 
of method will be sufficient as it, and it will not be limited to a method which is explained 
below. 

[0063] At the time of playback, a DWDD method which was mentioned above by the optical 
pickup 23 detects the record mark currently first recorded on magneto-optic-recording data 
medium as shown in drawing 12 (c). At this time, an optical pickup 23 detects the reflected 
light from magneto-optic-recording data medium using Photodiode PD. And the output from 
Photodiode PD is changed into a voltage signal while it is amplified by the amplifier 24 for 
playback, and it is outputted as a wave-like regenerative signal B1 as shown in drawing 12 (d). 
Here, the good regenerative signal B1 is acquired, without being influenced of a ghost, even if 
it adopts a DWDD method and reproduces since the record mark currently recorded on 
magneto-optic-recording data medium is a record mark of short and fixed mark length. 
[0064] And a high frequency component decreases the regenerative signal B1 outputted from 
the amplifier 24 for playback with a low pass filter 25, and after considering as wave-like 
signal B-2 as shown in drawing 12 (e), it is supplied to a differentiator 26 and the 1st 
discriminator 27, respectively. Here, a differentiator 26 asks for the differential component of 
signal B-2 which has passed the low pass filter 25, generates the differential signal B3 as 
shown in drawin g 12 (f) t and supplies the differential signal B3 concerned to the 2nd 
discriminator 28. 

[0065] And the 1st discriminator 27 generates binary-ized signal B4 as shown in d rawin g 12 
(g) from signal B-2 which has passed the low pass filter 25, and the 2nd discriminator 28 
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generates binary-ized signal B5 as shown in drawing 12 (h) from the differential signal B3 
supplied from the differentiator 26. In addition, let mostly discrimination level of the 
discriminators 27 and 28 at this time be an amplitude center. 

[0066] Next, binary-ized signal B4 generated by the comparator 29 by the 1st discriminator 
27 is compared with binary-ized signal B5 generated by the 2nd discriminator 28, and 
regenerative-signal pulse B6 as shows those duplication signal components to ejection and 
drawin g 12 (i) is generated. 

[0067] Regenerative-signal pulse B6 corresponding to the data recorded as mentioned above 
is obtained. However, this regenerative-signal pulse B6 is not used as playback data as it is, 
but further, a playback clock is extracted, a synchronization is taken with the playback clock 
concerned using this regenerative-signal pulse B6, by PLL (Phase Locked Loop)33 which 
consists of a phase comparator 30, a low pass filter 31, and a voltage controlled oscillator 32, 
and the synchronous processing circuit 34 generates the playback data B7 as shown in 
drawing 12 GX And the data bit train of a basis is reproduced by decoding this playback data 
B7 with a decoder 35. 

[0068] As mentioned above, a good regenerative signal is acquired, without being influenced of 
a ghost, even if it reproduces a signal by the DWDD method since the record mark recorded 
on magneto-optic-recording data medium turns into only a record mark of short and fixed 
mark length when a mark edge recording method performs record playback. Therefore, the 
effect of a ghost signal is avoided and it becomes possible to attain further high recording 
densttyHzation because it is made to perform record playback by the mark edge recording 
method. 
[0068] 

[Effect of the Invention] As explained to details above, according to this invention, the ghost 
phenomenon in a DWDD method can be canceled and it becomes possible to attain further 
high recording density-ization of magneto-optic-recording data medium. 



[Translation done.] 
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recording density-ization, to shorten record mark length more is desired- And it is 
* modification in the direction where a ghost signal stops appearing to shorten record mark 
length. Therefore, it is dramatically effective to adopt a mark position recording method in a 
DWDD method also from this point, when advancing further high recording density-ization. 
[0058] Below, a concrete example is given and explained about the record playback by the 
mark position recording method. In addition, although the example which used the RLL (1 7) 
"' modulation technique is given, in this invention, especially the modulation technique of a 
digital signal is not limited and can adopt the modulation technique of arbitration here. 
[0059] First, a record process is explained, referring to drawing 12 and drawing 13 . In addition, 
if mark position record is performed, what kind of method will be sufficient as the signal- 
processing method in a record process, and it will not be limited to a method which is 
explained below. 

[0060] At the time of record, first, with an encoder 21, the input data bit train which consists 
of "0" and "1" is modulated to the modulation (1 7) data A1 of NRZ (Non Return to Zero), as 
shown in drawing 12 (a). Next, with the amplifier 22 for record, the modulation data A1 
concerned is changed into square wave-like record current A2, as shown in drawing 12 (bX 
and the record current A2 concerned is supplied to an optical pickup 23. And an optical 
pickup 23 impresses a magnetic field to magneto-optic-recording data medium while it carries 
out outgoing radiation of the laser beam from a laser diode LD and irradiates the laser beam 
concerned at magneto-optic-recording data medium based on record current A2, and as 
shown in drawing 12 (c), it records a record mark by the magneto-optic recording to magneto- 
optic-recording data medium. 

[0061] At this time, it records that each record mark corresponds to "1" of modulation data, 
respectively on magneto-optic-recording data medium. By this, much record marks of short 
fixed mark length will be recorded on magneto-optic-recording data medium, and the gap of 
an adjacent record mark will show information to rt In addition, in recording a record mark on 
magneto-optic— recording data medium by the mark position recording method in this way, as 
mentioned above, it is desirable [ the mark length of those record marks ] to be referred to as 
0.2 micrometers or less. In addition, the magnetic field modulation technique which sends and 
records record current A2 on the magnetic head is sufficient as the recording method at this 
time. 

[0062] Below, a renewal process is explained, referring to drawin g 12 and drawing 1 4 . In 
addition, if it seems that the signal-processing method in a renewal process detects the 
center position of the record mark recorded by the mark position recording method, what kind 
of method will be sufficient as it, and it will not be limited to a method which is explained 
below. 

[0063] At the time of playback, a DWDD method which was mentioned above by the optical 
pickup 23 detects the record mark currently first recorded on magneto-optic-recording data 
medium as shown in drawing 12 (cX At this time, an optical pickup 23 detects the reflected 
light from magneto-optic-recording data medium using Photodiode PD. And the output from 
Photodiode PD is changed into a voltage signal while it is amplified by the amplifier 24 for 
playback, and it is cutputted as a wave-like regenerative signal B1 as shown in drawing 1 2 (dX 
Here, the good regenerative signal B1 is acquired, without being influenced of a ghost, even if 
it adopts a DWDD method and reproduces since the record mark currently recorded on 
magneto-optic-recording data medium is a record mark of short and fixed mark length. 
[0064] And a high frequency component decreases the regenerative signal B1 outputted from 
the amplifier 24 for playback with a low pass filter 25, and after considering as wave-like 
signal B-2 as shown in drawing 12 (e), it is supplied to a differentiator 26 and the 1st 
discriminator 27, respectively. Here, a differentiator 26 asks for the differential component of 
signal B-2 which has passed the low pass filter 25, generates the differential signal B3 as 
shown in drawing 1 2 (0, and supplies the differential signal B3 concerned to the 2nd 
discriminator 28. 

[0065] And the 1st discriminator 27 generates binary-ized signal B4 as shown in drawing 12 
(g) from signal B-2 which has passed the low pass filter 25, and the 2nd discriminator 28 
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